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Specification 

1. Title of the Invention 

METHOD FOR PRODUCING HIGH-STRENGTH COPPER BASE ALLOY 
WITH HIGH ELECTRICAL CONDUCTIVITY 

2. Scope of Patent Claim 

(1) A method for producing a high-strength copper base alloy with high 
electrical conductivity, whereby, after solution-annealing a copper base alloy 
containing 0.1 - 5.0 wt% Ti and 0.1 - 5.0 wt% Sn, with the remainder consisting 
of Cu and unavoidable impurities, aging is performed for 10 seconds -10 hours at 
a material temperature of 200 - 700°C, then cold rolling by 10% or more is 
performed, and further heat treatment for 10 seconds - 10 hours is performed at 
a material temperature of 200 - 700°C to improve mechanical strength and 
electrical conductivity. 

(2) A method for producing a high-strength copper base alloy with high 
electrical conductivity whereby after solution-annealing a copper base alloy 
containing 0.1 - 5.0 wt% Ti and 0.1 - 5.0 wt% Sn and further containing a total of 
0.005 - 2.0 wt% of one or two or more of the following: 0.005-1 .0 wt.% P, 0.005- 

1 .0 wt.% Al, 0.005-1 .0 wt.% Zn, 0.005-1 .0 wt.% Ni, 0.005-1 .0 wt.% Si, 0.005-0.5 
wt.%Pb, 0.005-1 .0 wt.% Be, 0.005-1 .0 wt.% Fe, 0.005-1 .0 wt.% Mn, 0.005-1 .0 
wt.% Mg, 0.005-1 .0 wt.% Cr, 0.005-1 .0 wt.% Co, 0.005-1 .0 wt.% Zr, 0.005-1 .0 
wt.% As, 0.005-1.0 wt.% Ag, 0.005-1.0 wt.% Cd, 0.005-1.0 wt.% In, 0.005-1.0 



wt.% Sb, 0.005-1.0 wt.% Te, 0.005-1.0 wt.% Ge and 0.005-1.0 wt.% Hf f with the 
remainder consisting of Cu and unavoidable impurities, aging is performed for 10 
seconds -10 hours at a material temperature of 200 - 700°C, then cold rolling by 
10% or more is performed, and further heat treatment for 10 seconds - 10 hours 
is performed at a material temperature of 200 - 700°C to improve mechanical 
strength and electrical conductivity. 

3. Detailed Description of the Invention 
[Object] 

The present invention pertains to a method of producing high-strength 
copper base alloys high electrical conductivity having excellent mechanical 
strength and good conductivity. 

[Prior Art and Problems] 

Beryllium copper alloys and titanium copper alloys are high-strength 
copper alloys being used today as high-precision spring materials. Although 
beryllium copper alloys have a high tensile strength of 90-140 kg/mm 2 and a 
good conductivity of 20 - 25% IACS, they are extremely expensive because they 
contain approximately 2% beryllium. Moreover, they have disadvantages in that 
beryllium is a poisonous substance and beryllium copper alloys become brittle at 
temperature of 250°C or higher, leading to degradation of the alloy. Moreover, 
titanium copper alloys have advantages in that they rival beryllium copper alloys 
in terms of spring performance, heat resistance, and abrasion resistance, and 
they have approximately the same mechanical strength and are inexpensive, but 



they have a major disadvantage in that their electrical conductivity is extremely 
poor. 

Because of this, addition of Sn as a third element to titanium copper alloys 
has been suggested in order to obtain good conductivity while retaining the 
mechanical strength of titanium copper alloys. Nevertheless, even if aging 
treatment, or cold drawing and aging treatment, are performed after conventional 
solution annealing of tin-containing titanium copper alloys, the tensile strength 
remains at 80 - 95 kg/mm 2 at the highest and it is necessary to further improve 
mechanical strength in order to obtain a substitute alloy for beryllium copper 
alloys. 

[Structure of the Invention] 

The present invention is in light of these points, presenting a method of 
producing high-strength copper base alloys with high electrical conductivity 
having ideal properties as materials for high-precision springs, by means of 
which the mechanical strength is further improved while retaining the good 
electrical conductivity of tin-containing titanium copper alloys and the economic 
problems as well as problems in terms of toxicity of beryllium copper alloys are 
avoided. 

The present invention relates to a method for producing high-strength 
copper base alloys with high electrical conductivity, whereby after solution- 
annealing a copper base alloy containing 0.1 - 5.0 wt% Ti and 0.1 - 5.0 wt% Sn, 
with the remainder consisting of Cu and unavoidable impurities, or a copper base 
alloy containing 0.1 - 5.0 wt% Ti and 0.1 - 5.0 wt% Sn and further containing a 



total of 0.005 - 2.0 wt% of one or two or more of the following: 0.005-1 .0 wt.% P, 
0.005-1 .0 wt.% Al, 0.005-1 .0 wt.% Zn, 0.005-1 .0 wt.% Ni, 0.005-1 .0 wt.% Si, 
0.005-0.5 wt.%Pb, 0.005-1 .0 wt.% Be, 0.005-1 .0 wt.% Fe, 0.005-1 .0 wt.% Mn, 
0.005-1.0 wt.% Mg, 0.005-1.0 wt.% Cr, 0.005-1.0 wt.% Co, 0.005-1.0 wt.% Zr, 
0.005-1 .0 wt.% As, 0.005-1 .0 wt.% Ag, 0.005-1 .0 wt.% Cd, 0.005-1 .0 wt.% In, 
0.005-1 .0 wt.% Sb, 0.005-1 .0 wt.% Te, 0.005-1 .0 wt.% Ge and 0.005-1 .0 wt.% 
Hf, with the remainder consisting of Cu and unavoidable impurities, aging is 
performed for 10 seconds -10 hours at a material temperature of 200 - 700°C, 
then cold rolling by 10% or more is performed, and further heat treatment for 10 
seconds - 10 hours is performed at a material temperature of 200 - 700°C to 
improve mechanical strength and electrical conductivity. 
[Results] 

Thus, when [alloys are] produced by the method of the present invention,' 
it is possible to simultaneously and markedly improve the tensile strength and the 
electrical conductivity. 

[Specific Description of the Invention] 

The reasons for restricting the alloy components and the production 
method of the present invention are described next: 

The reason for setting the Ti content at 0.1 - 5.0 wt% is that if it is less 
than 0.1 wt%, the strength that is expected will not be obtained, while exceeding 
5.0 wt% is undesirable in terms of improving the electrical conductivity. 

The reason for setting the Sn content at 0.1 - 5.0 wt% is that if it is less 
than 0.1 wt%, the electrical conductivity that is expected will not be obtained, 



while if it exceeds 5.0 wt%, the excess Sn, which will not form a solid solution 
even if heat treatment is performed, will produce an intermetallic compound with 
the Ti and precipitate as coarse crystals and there will be a marked drop in alloy 
strength. 

The reason for setting the total amount of one or two or more selected 
from the group consisting of the above-mentioned predetermined amounts of P, 
Al, Zn, Ni, Si, Pb, Be, Fe, Mn, Mg, Cr, Co, Zr, As, Ag, Cd, In, Sb, Te, Ge, and Hf 
as auxiliary components at 0.005 - 2.0 wt% is that if it is less than 0.005 wt%, the 
high strength that is expected as a result of adding auxiliary components will not 
be obtained, while if it exceeds 2.0 wt%, there will be a marked drop in electrical 
conductivity and furthermore, solderability and heat workability will deteriorate. 

Materials that have been solution-annealed are aged for 10 seconds - 10 
hours at a material temperature of 200 - 700°C and cold rolling to a draft of 10% 
or more is then performed. The reason for performing aging treatment at 200 - 
700°C is that the strength and the electrical conductivity that are expected will not 
be obtained at a temperature under 200°C or exceeding 700°C. Moreover, the 
reason for setting the aging temperature at 10 seconds - 10 hours is that the 
effects of aging treatment will not be seen if it is under 10 seconds, while if it 
exceeds 10 hours, there will be a marked reduction in strength due to over-aging. 
Furthermore, the cold draft is set at 10% or higher because if it is less than 10%, 
the improvement in strength and conductivity as a result of heat treatment during 
the next process will not be as good as expected. 



When materials on which aging treatment and cold rolling have been 
performed as described above are heat treated for 10 seconds - 10 hours at a 
material temperature of 200 -700°C, there is a marked increase in tensile 
strength as a result of this heat treatment. The strength and the electrical 
conductivity that are expected will not be obtained at a temperature less than 
200°C or exceeding 700°C in this case. Moreover, the effects of heat treatment 
will not be seen when heat treatment time is less than 10 seconds, while it must 
not exceed 10 hours because there will be a marked drop in strength as a result 
of over-aging. Satisfactory results will usually be obtained with 20 seconds - 1 
hour. 

(Examples) 

Examples will now be described. 

Ingots with the various compositions relating to the present invention 
shown in Table 1 were melted and cast in a high-frequency melting furnace using 
electrolytic copper or oxygen-free copper as the starting material. These ingots 
were heated for 1 hour at 880°C and then hot-rolled into sheets with a thickness 
of 5 mm. After grinding the surfaces, they were heated for 30 minutes at 880°C 
and water-quenched. These solution-annealed materials were then aged for 1.5 
hour at 450°C. They were further cold-rolled to sheets with a thickness of 0.5 
mm. Heat treatment was then performed for 3 minutes at 450°C. 

The strength of the samples prepared in this way was evaluated by 
J determining the tensile strength, and the electrical conductivity was evaluated as 

conductivity (% IACS). Moreover, solderability was evaluated in 3 steps by the 
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perpendicular immersion method whereby [the sample] is immersed for 5 
seconds in a solder bath (Sn 60% - Pb 40%) at 230 + 5°C and then 
macroscopically checked for solder blisters. All of these results and the hot 
workability are shown in Table 1 together with the results for comparative alloys. 

Furthermore, in Comparative Examples 16 and 17 in Table 1, the samples 
were solution-annealed, cold-rolled and aged. 

By means of the production method for alloys relating to the present 
invention, alloys that are ideal for high-precision spring materials in that they 
have both strength and electrical conductivity rivaling those of beryllium copper 
alloys and they show good workability and solderability are produced, as is clear 
from Table 1. 
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